Evidence that 3-hydroxyglutaric acid interacts with NMDA receptors in synaptic plasma membranes from cerebral cortex of young rats.
Neurological symptoms are common in patients with glutaric acidemia type I (GA-I). Although the pathophysiology of this disorder is not yet fully established, 3-hydroxyglutaric acid (3-HGA), which accumulates in affected patients, has recently been demonstrated to be excitotoxic to embryonic chick and neonatal rat neurons probably via NMDA glutamate receptors. In the present study, we investigated the in vitro effects of 3-HGA on the [(3)H]glutamate and [(3)H]MK-801 (dizocilpine) binding to rat synaptic plasma membranes from cerebral cortex of young rats in order to elucidate the interactions of 3-HGA with glutamate receptors and its possible contribution to the in vitro excitotoxic properties of 3-HGA. 3-HGA (10-100 microM) significantly decreased Na(+)-dependent (up to 62%) and Na(+)-independent (up to 30%) [(3)H]glutamate binding to synaptic membranes, reflecting a possible competition between glutamate and 3-HGA for the glutamate transporter and receptor sites, respectively. Since a decrease in Na(+)-independent glutamate binding might represent an interaction of 3-HGA with glutamate receptors, we next investigated whether 3-HGA interacts with NMDA receptors by adding NMDA alone or combined with 3-HGA and measuring Na(+)-independent [(3)H]glutamate binding to synaptic membranes (binding to receptors). We verified that 3-HGA and NMDA, at 10 and 100 microM concentrations, decreased glutamate binding by up to 20 and 45%, respectively, and that the simultaneous addition of both substances did not provoke an additive effect, implying that they bind to NMDA receptors at the same site. Furthermore, the binding of the NMDA-channel blocker [(3)H ]MK-801 was significantly increased (approximately 32-40%) by 10 and 100 microM 3-HGA, implying that 3-HGA was able to open the NMDA channel allowing MK-801 binding, which is a characteristic of NMDA agonists. On the other hand, glutamate had a much higher stimulatory effect on this binding (180% increase), reflecting its strong NMDA agonist property. Furthermore, the simultaneous addition of 3-HGA and glutamate provoked an additive stimulatory effect on [(3)H]MK-801 binding to the NMDA receptor. These data indicate that, relatively to glutamate, 3-HGA is a weak agonist of NMDA receptors. Finally, we demonstrated that 3-HGA provoked a significant increase of extracellular calcium uptake by cerebral cortex slices, strengthening therefore, the view that 3-HGA activates NMDA receptors. The present study therefore, demonstrates at the molecular level that 3-HGA modulates glutamatergic neurotransmission and may explain previous findings relating the neurotoxic actions of this organic acid with excitotoxicity.